. Refined parameters for the fcc RbCs 2 C 60 (sample II) phase [space group Fm 3 m, phase fraction refined to 98.994(2)%] obtained from the Rietveld analysis of the SXRPD data collected at 10 and 300 K (λ = 0.40006 Å). Table S2 . Refined parameters for the fcc Rb 0.5 Cs 2.5 C 60 (sample I) phase [space group Fm 3 m, phase fraction refined to 83.23(3)%] obtained from the Rietveld analysis of the SXRPD data collected at 5 and 300 K (λ = 0.39989 Å). Table S3 . Structural parameters for the fcc Rb 0.35 Cs 2.65 C 60 phase [space group Fm 3 m, phase fraction refined to 82.05(4)% at 0.41 GPa] obtained from the Rietveld analysis of the SXRPD data collected at 0.41 and 7.82 GPa, at 7 K (λ = 0.41305 Å). Table S4 . 13 C spin-lattice relaxation rates, 1/ 13 T 1 , in Rb x Cs 3−x C 60 (0 ≤ x ≤ 3) at 300 K, calculated interfulleride exchange constants, J, and 13 C spin-lattice relaxation rates divided by temperature at 35 K just above the superconducting transition temperatures. 133 Cs T-site spin-lattice relaxation rates divided by temperature, 1/ 87 T 1 T and 1/ 133 T 1 T, respectively, for the Rb x Cs 3−x C 60 (0 ≤ x ≤ 3) compositions. Fig. S9 . Temperature dependence of the 13 C spin-lattice relaxation rates divided by temperature, 1/ 13 T 1 T, for Rb 2 CsC 60 and Rb 3 C 60 . Fig. S10 . Temperature dependence of the stretch exponent, α, for the (A) 13 Synthesis and characterization. All RbxCs3-xC60 samples were prepared by the following route unless otherwise stated. In an Ar-filled glove box (H2O < 0.3 p.p.m., O2 < 0.1 p.p.m.), stoichiometric quantities of alkali metals (Rb/Cs > 99.6 %, Aldrich/Acros) and C60 (99.9%, MER, resublimed) were loaded in a tantalum vessel which was placed inside a closed tantalum cell and then in a Pyrex glass ampoule, removed from the glove box, sealed under a partial pressure (400 mbar) of helium gas, and heated inside a furnace using the following thermal protocol: room temperature to 150°C at 5°C/min; held for 1 h; to 200°C at 10°C/min; held for 12 h; to 300°C at 10°C/min; held for 12 h, to room temperature at 5°C/min. The precursor was then removed from the reaction vessel in the glove box, ground using pestle and mortar, pressed into a pellet, inserted in a closed tantalum cell inside a Pyrex glass tube under a He gas pressure of 400 mbar, and heated at 430°C for 2-5 weeks (with 1-3 intermediate grindings and pelletizations). A sample of nominal composition Rb0.5Cs2.5C60 (sample II) was also prepared by reaction of stoichiometric amounts of Cs and Rb metals with C60 in liquid ammonia, as has been described in detail before (1) . Three reference underexpanded samples with stoichiometry Rb3C60, K3C60, and Na2CsC60 were also synthesized. Their preparation was undertaken using adaptations of previously established methods in the literature (2) . All samples were characterized by X-ray powder diffraction. Preliminary highresolution synchrotron X-ray diffraction data were collected initially at the BL44B2 beamline at the SPring-8 facility, Japan at ambient temperature for various fcc-rich RbxCs3-xC60 samples at different stages of the preparative procedures. This proved paramount in optimizing the synthetic protocols. Additional high-resolution synchrotron X-ray diffraction experiments were carried out on the ID31 beamline at the European Synchrotron Radiation Facility (ESRF), France. The samples were sealed in 0. data were also collected on heating to 570 K using a hot-air blower. In order to allow the data from the two distinct temperature environments to be combined together, finely powdered Si (~15 wt%) was mixed with the Rb1.5Cs1.5C60 and Rb2CsC60 samples. The refined Si lattice parameters allowed calibration at the sample temperature, according to the procedure outlined in (3) . For the reference K3C60 sample, high-resolution synchrotron X-ray diffraction data were collected on the BL44B2 beamline at the SPring-8 facility, Japan at ambient temperature (λ = 0.50013 Å).
Analysis of the diffraction data was performed with the GSAS suite of Rietveld programs (4) . The composition of the phase assemblage and the refined stoichiometry of the fcc phase in each sample were obtained by Rietveld refinements of high statistics diffraction data. These are summarized below together with the ambient temperature fcc lattice constants, which display a linear dependence on the refined Rb content, xRb in agreement with Vegard's law.
Nominal
Refined High-statistics data were collected at (*) room temperature, (**) 10 K, or (***) 5 K. For the x = 2 composition, full occupancy of the tetrahedral and octahedral sites by Rb and Cs were assumed in accordance with the results of the complementary 133 Cs and 87 Rb NMR studies.
The evolution of the diffraction profiles on cooling reveals that while the cubic structure is robust, the response of the lattice metrics to temperature appears non-monotonic 
is a temperature-independent term, C is the Curie constant, and  is the Weiss temperature lead to the parameters summarized below. eff is the effective magnetic moment per C60 3-. The χ(T) data in Fig. 2B were corrected for the presence of the temperature-independent terms, 0.
Nominal x Rb T range (K)  0 (emu mol -1 ) C (emu K mol -1 )  eff ( B /C 60 3-) The χ(T) data of the RbxCs3-xC60 (x = 1.5, 2) compositions show the presence of a virtually temperature-independent Pauli susceptibility term consistent with metallic behavior over the entire measured T range. An upper limit for the value of the Pauli spin susceptibility (in case of incomplete subtraction of ferromagnetic impurities) for both samples was extracted from the high-field slope of multiple M(H) isotherm measurements at 295 K in the field range 0 to 5 T as ~110 -3 emu mol -1 . An upper limit of the densities-of-states at the Fermi level, N(EF)
can then be estimated as ~15 states eV -1 (molecule C60) -1 , using the expression: χ = 2 μB 2 N(EF).
The magnetization, M, of all samples was also measured at an applied field of 20 Oe between 1.8 and 40 K under both zero-field cooled (ZFC) and FC protocols (Fig. S1) Magnetization, M data were collected on ~20 mg samples loaded in an argon-filled glovebox under ZFC and FC protocols at an applied field of 20 Oe (Fig. S2 ).
High-pressure synchrotron X-ray diffraction. High-pressure diffraction measurements were undertaken at two different synchrotron beamlines:
(i) at the BL10XU beamline, SPring-8, Japan (7)  powder samples were loaded inside an argon-filled glovebox in helium-gas-driven membrane diamond anvil cells (MDAC), which were equipped with stainless steel gaskets and placed inside a closed-cycle helium refrigerator. The diamond culet diameters were 500 μm and the samples were introduced in 90-or 100-μm-deep, 200-μm-diameter holes made in the gaskets. Helium gas loaded in the MDAC was used as a pressure medium. The applied pressure was increased at base temperature by controlling the He gas pressure on the MDAC diaphragm with the cell inside the saturation recovery technique. 13 C NMR linewidth and spin-lattice relaxation in the normal state. The temperature dependence of the 13 C NMR linewidth as measured by the square root of the second moment, NMR spectra is determined by the chemical shift anisotropy and the electron-nuclear dipolar interaction. As the 13 C chemical shift anisotropy is temperature independent, the temperature evolution of the NMR spectral broadening reflects that of the dipolar interaction, which is governed by the difference between the parallel and perpendicular components of the 13 Celectron dipolar coupling tensor, (K//  K  ). These are given by K// = 2K  and K  =  <r 3 >,
where  is the spin susceptibility, <r 3 >  1.7aB -3 , and aB is the Bohr radius (14) . Therefore, the 13 C NMR broadening should scale with  whose temperature dependence ( Fig. 2B ) is mirrored into that of (M2) 1/2 above Tc (Fig. S7 ). This contrasts with the case of long-range magnetic ordering, where the 13 C-electron dipolar interaction is expected to dramatically increase and follow the magnetic order parameter below the ordering temperature, as was for instance observed in the related A15 Cs3C60 structure below TN = 46 K (12) . The absence of such 13 C NMR broadening without any loss of the NMR signal is thus firm evidence that the maximum in  (Fig. 2B ) is not associated with magnetic ordering. The narrowing of the 13 C NMR signal below T' reflects the decrease of the paramagnetic susceptibility as the RbxCs3-xC60 samples undergo an insulator-to-metal crossover. The 13 C magnetization recovery curves in A3C60 show non-exponential behavior due to the distribution of spin-lattice relaxation times, T1, which arises from the powder nature of samples and the three symmetry inequivalent carbon sites on the C60 3 anion (15) . The magnetization recovery curves are best fitted with a stretch exponential form of the relaxation, For example, an excellent fit of the 13 C magnetization recovery curve can be obtained with  = 0.82 (6) and T1 = 97(7) ms for insulating Rb0.35Cs2.65C60 at 80 K. As the sample is cooled through the insulator-to-metal crossover to 40 K, T1 increases to 250 (20) ms, while  decreases to 0.64 (5) implying an increase in the local electronic inhomegeneities in the metallic phase. All RbxCs3-xC60 compositions (0.35  x  2) show qualitatively similar behavior ( Fig. S10A ). However, as T' increases with increasing Rb content, the effect becomes less pronounced.
NMR in the superconducting state. The 133 Cs and 13 C spin-lattice relaxation measurements in the superconducting state support the conclusions derived by the corresponding 87 Rb data and presented in the main text. However, the data for both these nuclei are more difficult to analyse unambiguously, and therefore we present them here in the SOM. Figure S14 shows the temperature dependence of the 13 The number of free parameters in the data fitting makes the analysis very difficult. However, enhancement of the superconducting gap is also clearly observed (Fig. S14B) , supporting further the conclusions derived from the corresponding 87 Rb NMR data.
IR spectroscopy.
Experimental details. Infrared measurements of alkali fullerides with composition As a rule, we used the raw transmission spectra (16) because metallic reflectance cannot be neglected in these compounds. In some cases interference fringes caused by multiple reflections from the surface of the pellet had to be eliminated by removing the corresponding component from the Fourier transform.
Splitting of vibrational peaks. Figure S12 shows the IR spectra of the RbxCs3-xC60 (0 ≤ shift to lower wavenumbers and the observed peak positions are in accordance with the previously established trends (17) . Moreover, the number of observed peaks is larger than that in C60, a consequence of distortion away from icosahedral symmetry. When the symmetry of a molecule is lowered due to distortion, the lifting of the vibrational degeneracy will result in splitting of the previously present peaks and the intensity gain of some silent modes. The mode most sensitive both to the charge state and symmetry change is the highest frequency T1u(4) mode (18) . Thus we will draw our conclusions mainly from the temperature and composition evolution of the spectral region of this mode.
The temperature evolution of the T1u(4) vibrational mode for the RbxCs3-xC60 (0 ≤ x ≤ 3) compositions is shown in Fig. S11 . For optimally-and over-expanded fullerides, a temperature dependent splitting is observed, implying a temperature dependent distortion of the fulleride ions. We tracked this change by fitting the peak manifold at all measured temperatures. For fitting peaks in restricted frequency ranges, we converted to absorbance using the formula: A() = logT() (A() absorbance, T() transmittance). Fitting was always performed on baseline corrected absorption spectra. The T1u(4) peak manifold is best described by multiple Lorentzians, where the number of components gradually increases on cooling (Fig. S13 ). The source of distortion of the fulleride ions is primarily associated with the fact that the C60 anions have degenerate orbitals and thus they are subject to the Jahn-Teller effect (19) . The observed spectra are consistent with such an assignment (18) . (20) and its recent modification for graphene-based systems (21, 22) , the background-corrected absorbance, A() of such a coupled system is written as:
where A0 is a scale factor related to the oscillator strength of the coupled vibrational mode, 0 is the phonon frequency, and  is the linewidth. q is a dimensionless parameter describing the asymmetry of the Fano resonance line, and is proportional to the inverse of the strength of the electron-phonon coupling, and the ratio of the probability of the excitation of the coupled vibrational state and the probability of the excitation of the uncoupled continuum electronic states (20) . If there is no continuum present, then q →  and the symmetric Lorentzian lineshape is recovered from the above expression. If there is a continuum present (in the absence of pseudogaps or other non-smooth features), its excitation probability depends on the free-carrier concentration. As the carrier concentration increases, q decreases and the asymmetry of the line increases.
The asymmetry parameter, q obtained by fitting the T1u(4) vibrational line in RbxCs3-xC60 (0.75  x  3) to the above expression is shown in Fig. 3B . For underexpanded compositions, the line is asymmetric even at the highest measured temperatures, providing the signature of phonon coupling to the free-carriers present. However, as lattice size increases with decreasing x, q begins to rise dramatically on heating above a characteristic temperature of 290 K for x = 1.5, 150 K for x = 1, and 50 K for x = 0.75. This increasing q is the IR signature of the emergence of the unconventional behavior on expanding the lattice from the conventional metallic phase. As the temperature increases further, q diverges and the line can be described with a Lorentzian shape (Fig. S13B) . Such a symmetric lineshape is found above 320 K for x = 1.5, 184 K for x = 1, and 120 K for x = 0.75.
Besides vibrations, low-energy electronic excitations can be also present in the IR range. The presence of a broad background absorption, as seen in Fig. S12 , can be caused by either a continuum of free electrons (Drude) or a low-lying Lorentzian corresponding to intermolecular charge transfer (23) . The two limiting cases are the insulating state with no background and the fully delocalized electron system with Drude free-carrier absorption. The transition between these two extremes as a step-like change of the background (Fig. 3B) signals the onset of the insulator-to-metal crossover upon contraction. In order to describe the evolution of the background, we note that its measured absolute value is not only determined Therefore, we proceeded to estimate the normal state contribution to the electronic specific heat by first subtracting the specific heat of pristine C60 (26) from the total specific heat measured for each alkali fulleride sample in zero field. The as-obtained C(T) was then fitted at temperatures above Tc by a combination of a Debye and an Einstein term (24) to obtain the low temperature phonon contribution, which was then extrapolated to temperatures below Tc (Fig. S15 inset) . The height of the specific heat jump at Tc was then estimated using an isentropic construction where the vertical lines at Tc delineate equal areas in the CCn)/T vs T plots (shaded regions in Fig. S15 ). Similar procedures for estimating the specific heat jump at
Tc have been used for the pnictide superconductors (27) . Table S4 . 13 C spin-lattice relaxation rates, 1/ 13 T1 in RbxCs3-xC60 (0  x  3) at 300 K, calculated interfulleride exchange constants, J, and 13 C spin-lattice relaxation rates divided by temperature at 35 K just above the superconducting transition temperatures. In the antiferromagnetic exchange coupled insulating state, the 13 C spin-lattice relaxation rates, 1/ 13 T1 are governed by the rapid fluctuations of C60 3 hyperfine fields and are given by 1/ 13 T1 = (2) ½ (A 2 +½A 2 dip)[S(S+1)/3e] (1, 13) , where the exchange frequency, e = [2zk 2 BJ 2 S(S+1)/3 2 ] ½ , the C60 3isotropic hyperfine coupling constant, A/2 = 0.69 MHz, and the dipolar interaction, Adip/2 = 3.38 MHz (14) . We can thus calculate the exchange coupling constants, J, using the 300 K values of 1/ 13 T1 and assuming S = ½ consistent with the magnetic susceptibility data. Table S3 . (Fig. 3A) . The sharp increases in ( 13 M2) 1/2 at low temperatures mark the transitions to the superconducting phase while the rapid decrease above 380 K for x = 2, 3 is due to the onset of C60 3rotational motion. The measured spectra are shown in black, the fitted components in green, and the resultant fit in red. In Rb0.5Cs2.5C60, the spectra can be fitted with the sum of four Lorentzian components, whose number gradually decreases to two on heating. In RbCs2C60, the spectrum approximates a Fano lineshape at low temperatures. On heating to intermediate temperatures, the asymmetry of the line is gradually lost, until it can be described by two broader Lorentzian components at high temperature. 
